Case study t hese cases are presented to illustrate the potential utility of novel biomarkers to enhance the diagnosis and guide treatment of acute stroke. Currently, no biomarkers (including those discussed here) are FDA-approved and all are still in clinical development. The goal is to demonstrate the potential utility of NR2 biomarkers in the diagnosis and treatment of stroke.
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The NMDA receptor is the major excitatory amino acid receptor in the central nervous system and is a tetramer of 2 NR1 and 2 NR2 subunits. 24 Ischemia produces an excitotoxic process, which is the pathological process where nerve cells are damaged and undergo apoptosis stimulated by excessive neurotransmitters like the amino acid glutamate. During this process, NR2 receptors are degraded and short peptides are released (NR2 peptides) that can be detected in the bloodstream. 25 These peptides also induce the formation of autoantibodies (NR2Ab) which together have been proposed as biomarkers of the neurotoxicity underlying cerebral ischemia and stroke. [13] [14] [15] The following cases are taken from our ongoing research into the application of NR2 biomarkers on acute stroke at DeKalb Medical Center.
Case 1:
A 66-year-old woman presented with a history of hypertension, cardiomegaly and a multiple recent transient episodes of L hemiparesis over the prior three months. She had a similar episode on the day of admission and was brought by her family to the emergency room. As she presented less than three hours post symptom onset, she was screened for intravenous recombinant tissue plasminogen activator (rTPA) use with head CT (negative for acute changes but showing signs of chronic stroke); other screening tests were also negative. She was within minutes of receiving intravenous rTPA when her hemiparesis completely cleared, making her ineligible for rTPA. As part of an ongoing clinical trial of NR2 biomarkers a blood sample taken while she still had the neurological deficit showed elevated NR2 antibodies and peptides 23 ( Table 1) . She was admitted for observation and had no deficits until another episode of hemiparesis occurred 10 hours later. Due to the time elapsed and other factors, she did not qualify for TPA under the then current criteria. This second deficit did not clear. MRI showed a massive R hemispheric infarction on diffusion weighted and T2-weighted magnetic resonance imaging (Figure 1 ). There were further elevations in both NR2 peptide and NR2 antibody levels (Table 1) following completed infarction.
This case illustrates the potential utility of the NR2 peptide assay in detecting ischemia. The NR2 peptide was elevated during the initial transient deficit. This supports that the NR2 peptide test may be positive at an early point in the ischemic process where changes are reversible. In this case, the patient recovered initially from her deficit only to have a second event. At the time that this case occurred TPA guidelines did not support the use of rTPA 12 hours after onset of the initial deficit. The treatment of fluctuating strokes with rTPA remains controversial. The observation that the NR2 peptide response to stroke is transient suggests that it could be used as a surrogate for the requirement that rTPA be used not later than 3-4. 5 hours after the onset of stroke. This of course would require clinical trials for confirmation. In the case of fluctuating stroke as in the Case 1, the combination of diffusion-weighted MRI, clinical data and biomarker data might help guide TPA use. This would also require confirmation in the form of clinical trials. www.mag.org 21
Case 2:
A 21-year-old woman presented with headaches and visual complaints and a T2-weighted MRI scan showed multiple bilateral subcortical areas of white matter abnormality. This was followed by a worsening in condition that resulted in admission to the hospital with left hemiparesis and delirium. At about this time it was revealed by her family that she abused "crystal" methamphetamine. A CT scan after admission showed acute R hemispheric infarction and MRA showed diffuse vasospasm of cerebral vessels without the beading associated with typical vasculitis (Figures 2 and 3) . TPA was not applicable because of a delay in presentation to the hospital among other reasons. She received treatment including steroids and made significant recovery, albeit with residual hemiparesis.
NR2 peptide levels in this case obtained in the course of our research protocol on acute stroke showed very significant and prolonged elevation for over six days, a pattern not seen in ischemic stroke ( Figure  4 ). Based on current experience with the NR2 peptide, these results suggest an ongoing ischemic process. Repetitive or ongoing infarction would not be unexpected with prolonged vasospasm or vasculitis, but would be unusual for a typical stroke. This suggests that processes like vasculitis or vasospasm could be monitored with serial NR2 peptide measurements or that serial measurements might assist in the diagnosis of these challenging disorders.
Discussion
Despite advances in treatment and diagnosis, acute stroke remains difficult to manage clinically. Current diagnosis and treatment relies heavily on patient history for the time of onset which is currently defined as the time that the patient was last known to be intact. Additional diagnostic modalities as well as therapies may be necessary for further improvements in stroke care. There is great interest in blood tests (biomarkers) which may provide additional information regarding stroke risk or the detection of acute stroke. It is understood that any biomarker would have to be validated in controlled clinical trials similar to those used for drug development where initial research is based in basic science and limited patient studies in order to set up large controlled clinical studies.
Troponin is a well-established biomarker for myocardial ischemia, but there is no similarly useful stroke biomarker that has been validated in clinical testing and widely used in current clinical practice. Several biomarkers for detection of stroke risk and/or acute stroke have been investigated. These include anti-phospholipid antibodies, anti-cardiolipin antibodies, von Willebrand factor, 4,5 C-reactive protein (CRP), phospholipase A2 (Pl-PLA2), 6 matrix metalloproteinase-9 (MMP-9), 7 VCAM, 8 homocysteine, 9 glutamate, neuron-specific enolase, myelin basic protein, S-100b, 10 ,11 B-type neurotrophic growth factor, monocyte chemotactic protein-1 4, 5, 12 and others. These biomarkers have low predictive value for stroke in the near term and/or reflect late stages in the development of a completed stroke. What is needed is a biomarker that reflects the early stages of ischemia or oligemia that are potentially reversible or more treatable in the r-TPA time frame. Such a biomarker might also be used to potentially determine if a patient with fluctuating stroke is suitable for thrombolysis.
Preliminary studies of the NR2 biomarkers supports their utility in detecting stroke as does their association with the early stages of excitoxicity. Following acute stroke, the NR2 peptide level rapidly increases and then rapidly decreases. 16 The NR2 peptide increases in association with microemboli during carotid endarterectomy and with postoperative neurological deficits following carotid endarterectomy 16, 17 and correlates with infarct volume in acute cortical strokes. 18 It does have limitations in that strokes less than 2-3 ml in volume or involving only white matter areas may not produce detectable NR2 peptide fragments; and that the peptides are very labile and degrade rapidly at room temperature in standard collection vials. In clinical experience the sensitivity of the NR2 peptide for infarcts over 2 ml in volume is 93 percent in strokes with onset with time of onset less than six hours. If small lacunar strokes are included, the sensitivity overall will depend on the number of patients within in the studied population who have the smaller strokes.
IgG autoantibodies to the fragments of the NMDA receptor have been recognized in the serum of stroke patients. 19 In contrast to the very labile NR2 peptides, the NR2 autoantibodies are stable and can be detected using standard blood collection procedures and ELISA detection methods. These antibodies are present in the aftermath of stroke and persisted for a period of many months, and may have other clinical applications. 20 Perioperative serum concentrations of NR2Ab have been shown to be predictive of severe neurological adverse events after cardiac surgery. 21 prior to surgery were nearly 18 times more likely to experience a postoperative neurological event than patients with a negative test. 21 In patients with a history of a preceding stroke, or TIA events, NR2 antibodies were elevated compared to patients with first-time events and controls. 22 Some elevated NR2 antibody levels are detected in patients without a history of stroke but with a higher risk of subclinical stroke or "age-related" white matter changes. Whether this reflects subclinical stroke activity or is simply a false positive is a subject under current investigation.
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Conculsion
These cases are anecdotal and involved relatively unusual clinical situations of stuttering stroke onset and amphetamine-associated cerebral vasospasm. I have chosen them because they demonstrate how biomarkers might be able to assist diagnosis and treatment in stroke. The point is that they illustrate the potential impact of biomarker-based information on clinical stroke management. At this point in time cerebral vasospasm and stuttering stroke present challenges in both diagnosis and management. If these findings are supported with future studies, NR2 peptide and antibody levels may ultimately provide information by which therapy can more directly address these difficult conditions.
